Following the rapid economic growth after World War II, diseases associated with environmental pollution frequently occurred due to delayed implementation of countermeasures against environmental pollution. These diseases are exemplified by Minamata disease, Itai-itai disease, chronic arsenic poisoning, and Yokkaichi asthma. After multiple episodes of these pollution-related diseases were experienced, the government and the private sector made joint efforts to reduce environmental pollution. As a result of these efforts and because of changes in the industrial structure, pollution-related diseases have declined. Instead, however, air pollution from automobile exhaust and the health effects of automobile exhaust on people living along roads with heavy traffic began to attract the public's attention after an increase in the use of automobiles. The epidemiological surveys carried out by the Environmental Agency and the Tokyo Metropolitan Government also have suggested unfavorable effects of automobile-caused air pollution on people living in large cities or along major roads. To solve this problem, it seems imperative to promote the reasonable use of automobiles and to work toward more efficient transportation of goods based on analyses of city structure, the life-styles of city dwellers, and the socioeconomic composition of cities. In addition, the discharge of pollutants from automobiles could be controlled. -Environ Health Perspect 102(Suppl 4):93-99 (1994).
Introduction
The rapid and high economic growth after World War II brought environmental destruction and serious health damage because of environmental pollution in several severely polluted areas of Japan. There were many pollution-related diseases, Itai-itai disease related to cadmium pollution created by the effluent from the Mitsui Mining and Smelting Company (1,2), Minamata disease caused by the ingestion of fish and shellfish contaminated with mercury compounds discharged from the Minamata Factory of the New Japan Chisso Fertilizer Company (1, 3) , Yokkaichi asthma related to the sulfur oxides (SOX) discharged by the petroleum industry (1, 4) , and chronic arsenic poisoning resulting from environmental pollution in the areas around the Toroku and Sasagadani mines (1) . To provide prompt and fair protection and relief to the sufferers of this pollution-related health damage, the Pollution-Related Health Damage Compensation Law, which charges the polluters with the necessary expenses, has been in force since 1974. However, the onset of pollution-related health damage was pre-vented later by countermeasures against environmental pollution as a result of joint efforts by government and industry and changes in industrial structure.
Air pollution because of automobile exhaust and especially the health effects of auto exhaust on people living along roads with heavy traffic have become big environmental health issues in Japan. Due to the excessive concentration of population and industry accompanying high economic growth, there has been an increase in traffic volume.
Environmental Pollution Problems and Prevention in Japan
In accordance with the Basic Law for Environmental Pollution Control, environmental quality standards (EQS) were set up for sulfur dioxide (SO2) in 1969 (revised in 1973), carbon monoxide (CO) in 1970, suspended particulate matter (SPM) in 1972, and nitrogen dioxide (NO2) (revised in 1978) and photochemical oxidants (Ox) in 1973 (5) ( Table 1) . To ensure compliance with these standards, emission and effluent regulations came into force ( Figure 1 ).
Health Effects from Major Pollutants
Tokyo is the capital of Japan, the most densely populated area of Japan, and the area with the most automobile exhaust pollution. Table 2 shows the maximum 1-hr and 24-hr values of major pollutants and the maximum number of hours or days that the 1-hr and 24-hr values were above a (6, 7) . SO2 levels have been improved remarkably, compared with the peak value of 0.059 ppm in 1967, because countermeasures against SO, including the importation of low-sulfur content fuel, the desulfurization of heavy oil, and flue-gas desulfurization ( Figure 1 ). In spite of several kinds of countermeasures such as emission controls on stationary sources and automobile exhaust (Figure 1 ), NO2 levels have not improved. Problems involved in controlling SPM because of their origin from multiple sources have caused SPM levels to remain unimproved.
Automobiles are the main source of CO air pollution. As a result of gradually intensified restriction of CO emitted from automobiles since 1966, the annual average concentrations of CO have dropped rapidly, as shown in Figure 1 When we evaluate health effects by comparing the observed concentration of major pollutants shown in Table 2 with World Health Organization guidelines (8) for health protection shown in Table 3 (Table  4 ). The prevalence of persistent phlegm was significantly correlated with the levels of NO2, SO2, and SPM (10) .
When the examined schools were divided into three groups, group U (schools located in districts with a population density over 5000 persons/kmi2), group S (density of 1000-5000 persons/km2) and group R (density below 1000 persons/km ), the prevalence of persistent cough and phlegm proved highest in group U and lowest in group R (10) . When the prevalence of persistent cough and phlegm for each year and each sex was compared among the three groups, hardly any significant intergroup differences were found. The prevalence of persistent cough and phlegm was analyzed in relation to the number of family members, house size, indoor air pollution level, anamnesis, occupation, and smoking. This analysis revealed a significant correlation between anamnesis and the prevalence of persistent cough and phlegm, a slightly significant correlation with smoking, and hardly any significant correlation with indoor air pollution (10) .
When the crude prevalence of persistent cough and phlegm was analyzed in relation to NO2 levels over 10 ppb intervals, the prevalence in both males and females increased as the NO2 level rose (Table 5) . The current prevalence of asthmatic symptoms in males and females was not significantly correlated with any air pollutant ( (Table 4) . When the prevalence of asthmatic symptoms was analyzed in relation to levels of NO2 examined over 10 ppb intervals, the prevalence of symptoms in both males and females increased significantly as the level rose, although the prevalence of symptoms for a given NO2 level varied greatly among the different districts (Table  6 ) (10). When children were divided into three groups (U, S, and R) in the same way as above, the prevalence of asthmatic symptoms and the prevalence of chest congestion and phlegm were highest in group U and lowest in group R. This intergroup difference was statistically significant. When the prevalence of these symptoms was paired with physical constitution, past medical history, current illness, past nutri- tion, family composition, house size, indoor air pollution, genetic predisposition, and living environment, significant correlations were detected for physical constitution, past medical history and current illness. Following this discovery, an assessment was made as to whether the differences in the prevalence of symptoms among the three above-mentioned regional groups could be explained by these three factors. In the case of all three factors, the order of the prevalence of symptoms from highest to lowest was U>S>R, in children for whom the factor was positive and in children for whom the factor was negative. This suggests that other factors are responsible for the regional differences in the prevalence of symptoms. However, when analyzed for each year and each sex, regional differences were not always significant. Factors related to indoor pollution had virtually no significant correlation with the prevalence of symptoms (10) .
Survey B with Adults. From 1980 to 1984, a survey was conducted involving 167,165 parents and grandparents of children attending elementary schools in 51 districts of 28 prefectures who had lived in the districts for more than 3 years. In districts where the annual average levels of NO2, SO2, and SPM in the years concerned were 5 to 43 ppb, 5 to 24 ppb and 20 to 90 pg/m3, respectively. Significant correlations were found between the ageadjusted prevalence of persistent cough and phlegm in females and the levels of NO2 and SO2, although no significant correlations were detected in males (Table 4) (10) .
When the age-adjusted prevalence of persistent cough and phlegm was analyzed in relation to the level of NO 2 over 10 ppb intervals, the prevalence of symptoms in females increased as the level of NO2 rose, although no such correlation was observed in males ( (Table 4) . When the prevalence of chest congestion and phlegm was analyzed in relation to the levels of air pollutants, a significant correlation was found between their prevalence in males and females and the levels of NO2 and SO2 (Table 4 ) (10) . When the prevalence of asthmatic symptoms was analyzed in relation to the level of NO2 over 10 ppb intervals, the prevalence in males and females was significantly higher at NO2 levels over 31 ppb than at NO2 levels below 30 ppb, although the prevalence for each 10 ppb interval varied greatly among the different districts ( Table 6) . Part of the results of Survey B were published by Tunetoshi et al. (11) .
Survey by the Tokyo Metropolitan Government
The Tokyo Metropolitan Government (12) conducted a survey of the health effects of composite air pollution in schoolchildren from 1978 to 1984. When pulmonary function was measured monthly during a 2-year period in 153 third-grade children (9 to 10 years old) attending an elementary school in Nakano Ward, the growth-related increase in pulmonary function was significantly lower in these children than in schoolchildren in a clean-air district in Chiba Prefecture. In Nakano Ward, Tokyo, the annual average level of SO2, SPM children's homes and the road (within 100 m, 100 to 300 m, and over 300 m away from the edge of the road). A close relationship was found between the prevalence of persistent cough or phlegm, wheezing, acute respiratory infection, recurrent respiratory infection, or allergic rhinitis and distance from the road: the closer the children lived, the greater the prevalence rate.
Matuki et al. (16) between the HOP ratio and these factors was found.
The Tokyo Metropolitan Government (17) examined the effect of air pollution on residents living along heavy-traffic corridors where traffic volume during daytime 12-hr is about 40,000 automobiles per day from 1982 to 1984. The prevalence of symptoms was compared in 816 housewives living along roadsides (within 20 m of the road) and 1100 housewives living in more remote areas (20 to 150 m away from roads). As shown in Table 7 , the prevalence of respiratory symptoms tended to be higher in the roadside group than in the remote group. A similar tendency also was observed when subjects were analyzed by age, duration of residence in the district, and smoking. A simultaneous environmental survey revealed that levels of air pollutants decreased as distance from the road increased, suggesting the involvement of automobile exhaust in the high prevalence of respiratory symptoms in the roadside group. In that survey, the 7-day average levels in Itabashi Ward were as follows: Nitta et al. (18, 19) published the results of these studies conducted from 1982 to 1984. The Mantel-Haenszel odds ratios for distance from the roadway, adjusted for age and smoking status, ranged from 0.80 to 2.57 for chronic phlegm, chronic cough, chronic wheezing, shortness of breath and chest cold with phlegm. Both reports suggest that exposure to automobile exhaust is associated with increased risk of respiratory symptoms.
Ono et al. (20, 21) surveyed residential SPM and NO2 concentrations along the major roadways (traffic volume during the daytime 12-hr: about 35,000 automobiles per day) in Tokyo and conducted a health survey on respiratory symptoms and distance from roadways in 1987. Environmental monitoring was conducted five times, every three or four months. Using a newly developed SPM sampler and NO2 filter badge, continuous 4-day (96-hr) measurements were conducted in 200 residential homes for 4 weeks. NO2 was measured in the living room, kitchen, and outside each home, while SPM was monitored only in the living room. Health information from 805 homes was collected using self-administered respiratory questionnaires. SPM and NO2 concentrations showed large variations. Indoor pollution levels depended mostly on indoor sources such as cigarette smoking and unventilated space heaters, and the effect of those indoor sources were influenced by the building structure with respect to airtightness. An association between an increase in pollutant levels and distance from roadways was observed. However, its effect is small compared to the effects of indoor sources. The prevalence rate of respiratory symptoms was higher in children and adults in areas nearest roadways with heavy traffic. These findings suggest the presence of a relationship between automobile exhaust and health effects.
To examine the health hazards of roadside air pollution in more detail, the Tokyo Metropolitan Government (22) conducted questionnaire survey of respiratory symptoms from 1987 to 1989. The subjects of this survey were women between 30 and 60 years old who lived in one of the following areas for more than 3 years: a) within 20 m of the edge of any major road in Sumida Ward (the roadside group), b) 20 to 150 m away from the edge of major roads in Sumida Ward (the remote group), and c) Higashiyamato City excluding areas within 20 m of the edge ofa road (the Higashiyamato group). There were 489 subjects in the roadside group, 800 in the remote group, and 821 in the Higashiyamato group. The prevalence of persistent cough, persistent phlegm, wheezing, and shortness of breath from highest to lowest was in the following order: roadside > background > Higashiyamato. When the data were corrected for age, duration of residence in that location, occupation, smoking, method of indoor heating, and house structure, the prevalence of wheezing and shortness of breath was found to differ significantly among the different districts. An environmental survey in these districts revealed the gradients of NO and SPM levels. When exposure levels were examined in about 20 subjects each from the roadside group and the remote group and about 10 subjects from the Higashiyamato group, the levels of air pollutants during the nonheating period of the year decreased in the following order: roadside > background > Higashiyamato. The outdoor levels of air pollutants showed no area-related gradient during the indoor heating season.
The Relationship between Air Pollution and Chronic Obstructive Pulmonary Disease
The expert committee for evaluating the relationship between air pollution and health damage (23) (an organization set up within the framework of the Central Council for Environmental Pollution Control) drew the following conclusion about the relationship between current air pollution levels and the prevalence of chronic obstructive pulmonary disease (COPD) in Japan, based on comprehensive assessment of the available evidence from animal experiments, experimental human exposure studies, epidemiological studies and dinical findings in 1986. a) As was true of air pollution in the past, presentday air pollution is mostly attributable to the combustion offossil-derived fuels. Therefore, it would not be a significant error if the present air pollution in Japan is dealt with in terms of three major air contaminants, SO2, NO2, and SPM. Of these three, the latter two seem to warrant particular attention, considering the current status of fuel consumption, countermeasures against air pollution and changes in the source of pollutants (especially changes in the structure of traffic systems). b) It cannot be denied that air pollution as a whole has had some influence on the natural history of COPD. From 1955 to 1965, COPD in individuals living in certain areas of Japan was chiefly attributable to air pollution, on the grounds that its prevalence was considerably higher in districts with high air pollution levels. However, it appears to be impossible to attribute COPD to air pollution alone. c) Based on an assessment of the present level of air pollution in Japan in relation to COPD, we would like to call attention to the following points: What we studied was primarily the effects of environmental air pollution on the population. Therefore, the effects of air pollution in particular areas, especially those with higher air pollution levels than the average, must be considered separately. Also, the existence of a group of people with increased sensitivity to air pollution has been attracting attention. If the number of individuals belonging to this group is not large enough, this group may be overlooked during epidemiological studies on the general population. This possibility must be borne in mind.
Future Topics
The Japanese Expert Committee (23) affirmed the possibility that air pollution in Japan is affecting the natural history of COPD. In its opinion, the levels of air pollution in Japan are not high enough to clearly demonstrate a cause-effect relationship between air pollution and COPD, but they also are not low enough to rule out a causal relationship. The Environment Agency and the Tokyo Metropolitan Government do not demonstrate clearly the health effects of air pollution but also do not rule out an effect as discussed above. When roadside residents who are thought to be exposed to high levels of automobile exhaust were surveyed, the prevalence of respiratory symptoms tended to be higher than in more remote inhabitants. It is an open question, however, whether the residents with respiratory symptoms were exposed to higher levels of automobile exhaust than symptom-free inhabitants.
To evaluate the contribution of automobile exhaust to health hazards, it is necessary to evaluate the percentage of the total amount of air pollution to which individuals are exposed that is attributable to automobile exhaust. The effect of a given level of automobile exhaust exposure differs in individuals who are also exposed to air pollutants from other sources and in individuals who are not exposed to air pollutants from any other source. When city dwellers are exposed to air contaminated with pollutants from fixed and mobile sources to a degree close to the minimal exposure level presenting a health hazard, health effects appear likely to become manifest as they are exposed to indoor air pollutants or to automobile exhaust by living along roads with heavy traffic (Figure 2 
